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NEW CHEMICAL STRUCTURAL FEATURES OF COAL. STRUCTURE OF COAL DERIVATIVES (1)  
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INTRODUCTION 

The t r a n s a l k y l a t i o n  reac t i on  has been used by several researchers t o  i n v e s t i -  
gate the s t r u c t u r e  o f  coal  and o t h e r  f o s s i l  f ue l s .  Heredy and Neuworth (2 )  f i r s t  
app l i ed  the method t o  depolymerize coal under cond i t i ons  t h a t  were m i l d  enough so 
t h a t  unal tered monomeric u n i t s  could be recovered. The i r  procedure consis ted o f  
heat ing coal w i t h  boron t r i f l u o r i d e  i n  phenol. The boron t r i f l u o r i d e  c a t a l y s t  
served t o  cleave a romat i c -a l i pha t i c  bonds and phenol served as so l ven t  and acceptor 
t o  g i v e  a lky lphenols .  The product f r a c t i o n  con ta in ing  the  a lky lphenols  was recov- 
ered and analyzed (3,4). Th is  f r a c t i o n  was found t o  con ta in  iso-propylphenol, 
e t h y l  phenol and dihydroxydiphenylmethanes, thus con f i rm ing  t h c r e s e n c e  of i so -  
propyl,  e thy l ,  and methylene groups i n  coal .  Fur ther  work was done w i t h  t h e  
coal-BF,-phenol system by Ouchi ( 5 )  and Larsen (6) .  L a t e r  Franz (7)  showed t h a t  
c e r t a i n  phenolic d e r i v a t i v e s  undergo condensation reac t i ons  t o  g i v e  he te rocyc l i c  
compounds which are n o t  d i r e c t l y  de r i ved  from coal .  

The t r a n s a l k y l a t i o n  reac t i on  was f u r t h e r  developed by Farcasiu (81, who used 
trifluoromethanesulfonic acid,  CF,SO,H, as c a t a l y s t  and xylene as so l ven t  and ac- 
ceptor. The method was use fu l  i n  o b t a i n i n g  q u a l i t a t i v e  and q u a n t i t a t i v e  in format ion 
on methylene connecting groups and a l k y l  subs t i t uen ts  i n  petroleum res ids .  We have 
modi f ied t h i s  method f o r  use i n  probing the  s t r u c t u r e  o f  coal. 
CF,SO,H as c a t a l y s t  and to luene as so l ven t  and acceptor (9) .  
the t r a n s l k y l a t i o n  reac t i on ,  we i d e n t i f i e d  a l a r g e  number o f  groups i n  coal  (9)  and 
compared the  s t ruc tu res  o f  n ine  d i f f e r e n t  coals  (10). 
periments were a l so  reported. I n  t h i s  paper, we present p re l im ina ry  i n fo rma t ion  on 
the s t ruc tu re  o f  t he  f o l l o w i n g  products  de r i ved  from coal :  
p y r i d i n e  i nso lub le  res idue from Ky #9 coal ,  0-methylated I11 #6 coal ,  B i r c h  reduced 
I11 #6 coal ,  Coke from I11  #6 coal ,  and SRC from Ky #9 coal. 

Our method employs 
Using ou r  ve rs ion  of 

Relevant model compound ex- 

Py r id ine  e x t r a c t  and 

EXPERIMENTAL 

The procedure used here i s  t he  same as t h a t  used e a r l i e r  (9,lO). B r i e f l y ,  4 g 
o f  s t a r t i n g  ma te r ia l  a re  mixed w i t h  20 m l  o f  to luene a f t e r  which 2 m l  o f  CF,SO,H a re  
added. 
quenched by adding NaHCO, and H,O. 
to luene s o l u t i o n  i s  i s o l a t e d  and analyzed by c a p i l l a r y  gc and c a p i l l a r y  gc-ms. The 
o r i g i n a l  procedure c a l l s  f o r  f o u r  consecut ive r e a c t i o n  steps, o r  cycles, t o  recover 
most of t he  exc isable groups. 
reac t i on  cycle. 

Coke was prepared by heat ing powdered I11  #6 coal i n  a quar tz  tube t o  800°C f o r  
1 hour i n  a stream o f  argon. 0-Methylated coal  was prepared by an adaptat ion o f  t he  
L i o t t a  procedure (11). 
Hombach procedure (12). 

The ma te r ia l  r e f e r r e d  t o  as SRC i s  f i l t e r e d  SRC T102 bottoms, Run No. 72, K125, 
Date-4/19/76, SN No. 74690, suppl ied by W. H. Webber, EPRI. 

The mixture i s  s t i r r e d  under r e f l u x  f o r  48 h r s  and then the r e a c t i o n  i s  
An i n t e g r a t i o n  reference i s  added and the  

Here we r e p o r t  on l y  se lected data from the  f i r s t  
The data are recorded i n  Tables 1 and 2. 

B i r c h  reduced coal  was prepared by an adaptat ion of the 

RESULTS AND DISCUSSION 

The mechanism (13) f o r  t r a n s f e r  o f  e t h y l  groups, o r  o the r  n - a l k y l  groups, from 
benzene t o  toluene i s  shown i n  F igure 1. 
1 , l -d i t o l y le thane  a l s o  should appear i n  the  product  mix ture.  
benzene r i n g  i s  replaced by a coal aromatic c l u s t e r  and e t h y l  i s  any n - a l k y l  group, 
i t  i s  an t i c ipa ted  t h a t  n-a lky l to luenes,  1 , l -d i t o l y la l kanes  and a v a r i e t y  o f  f ree 

Extension o f  the mechanism suggests t h a t  
Assuming t h a t  the 
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aromatics will appear in the product mixture. Tertiary alkyl groups transfer 
through f ree  ca t ion ic  intermediates while secondary alkyl and benzylic groups 
probably t ransfer  through mixed mechanisms. 

Actually, a la rge  number of derivatives of toluene as  well as other compounds 
are found i n  the product mixture (9,lO). 
lected a limited number of these compounds. The selection i s  made on the basis of 
two cr i te r ia :  these groups a re  the most prevalent in most of the samples, and they 
represent groups which demonstrate s imi la r i t i es  o r  differences between the samples. 
Other important aspects of the results will be presented i n  a future paper along 
with 2nd-4th cycle resu l t s .  

Table 1 contains data obtained from the transalkylation of I11 #6 coal and i t s  
derivatives, while the data f o r  Ky #9 coal and i t s  derivatives a re  collected i n  
Table 2. 

From Table 1 i t  i s  seen t h a t  0-methylation of I11 #6 coal causes only small 
changes in the numbers o f  excisable groups. 
lower in value. 
Liotta procedure (12 )  produces only minor structural  changes. 

column 4. These r e su l t s  also show reduced amounts of certain monosubstituted alkyl 
groups, while the amounts of 1,l-diarylalkanes a re  larger.  The increased values of 
1.2-ditolylethane can be a consequence of reaction of triglyme, used as  solvent in 
the Birch reduction, which may n o t  have been completely removed by washing and 
drying the coal. The methine cross linking group, represented by tritolylmethane, 
has been lowered in concentration relative to  the parent coal, while the t r i subs t i -  
t u t e d  ethane has been increased. The observation re la t ive  t o  t r i subs t i tu ted  ethane 
will be resolved in future control experiments. 
the Tables i s  tha t  changes in coal structure during Birch reduction resulted i n  the 
production o f  large numbers of substituted indane and t e t r a l in s  during transalkyla- 
tion. 

The coking process effectively 
drives off vo la t i le  matter and causes thermal cleavage of many bonds so t h a t  many 
substituent groups a r e  removed. 
polynuclear aromatics w i t h  few excisable side chains. 
by the experimental data in Table 1. 
substituents a re  found. 
isomers of a compound which has a molecular weight of 214. 
i n  the Tables, has not ye t  been identified. 

and Figure 2 ,  show some large differences. 
of monosubstituted alkyl substi tuents,  while the insoluble part i s  p s r t i a l ly  
depleted in these groups. There i s  a decrease in the amount of 1,l-diarylethane in 
b o t h  fractions. 
alkyls can be explained by reference t o  the mechanistic scheme in Figure 1, and  the 
proposed presence of la rger  numbers o f  hydride abstractors as s e t  f o r t h  i n  the 
section on model systems. 

The most dramatic change i s  seen i n  the differences i n  concentrations o f  
ditolylmethane and tritolylmethane in the soluble and insoluble fractions.  
soluble p a r t  contains the larger amount of ditolylmethane which represents methylene 
(-CH,-) connecting groups between aromatic clusters.  On the other hand, the in- 
:o!uble p a r t  contains the larger amount of tritolylmethane which represents methine 
\ ,CH-) crossiinking groups. These data are i n  agreement with the accepted o p i n i o n  
t h a t  pyridine ex t rac ts  the material w i t h  a lower cross-link density and leaves a 
residue with a higher cross-link density. 

SRC contains smaller molecules 
soluble i n  toluene. 
and. 
starting coal. 

understand resu l t s  with coal and coal products. 

For the present discussion we have se- 

Only ethyl and propyl are significantly 
From these resu l t s ,  we suggest t h a t  0-methylation of coal by the 

Results from the transalkylation of Birch reduced coal a r e  found i n  Table 1, 

Another observation not shown in 

The data on coke presents an interesting case. 

The remaining residue i s  thought t o  be a network of 
This expectation i s  borne o u t  

Only smal'l amounts of ethyl and methylene 
The most abundant transalkylation product i s  a n  assembly of 

This compound, not  shown 

The soluble part shows increased amounts 

The relationship between 1-substituted alkyls and 1,l-disubstituted 

The pyridine ex t rac t  and pyridine insoluble residue from Ky #9 coal,  Table 2 

The 

and more soluble materials. I t  i s  about 90% 
I t  i s  observed to  contain a larger number of alkyl substituents 

expected, a lower number o f  methylene connecting groups  re la t ive  to  the 

We have  performed numerous experiments w i t h  model compounds i n  order t o  better 
The most significant aspects of 
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these experiments are sumnarized as fo l l ows :  
t h a t  n-alkylbenzenes t ransa l  k y l a t e  s low ly  under ou r  experimental cond i t i ons .  
cont rast ,  n -a l ky l  subs t i t uen ts  on polynuclear  aromatics, such as phenanthrene, 
anthracene and pyrene, t r a n s a l k y l a t e  10-100 t imes fas te r .  
subs t i t u ted  aromatics t r a n s a l  k y l a t e  7-5 t imes f a s t e r  when the r e a c t i o n  m i x t u r e  
contains polynuclear  aromatics. The l a t t e r  observat ions a re  probably  a r e s u l t  o f  
the much l a r g e r  b a s i c i t y  o f  t he  polynuclear  aromatics and the hyd r ide  a b s t r a c t i n g  
a b i l i t y  o f  t h e i r  protonated intermediates. 
through a chain mechanism, the  presence o f  more hyd r ide  abs t rac to rs  increases the 
r a t e  by i nc reas ing  t h e  number o f  chain i n i t i a t i o n  steps. With these concepts i n  
mind, i t  i s  reasonable t h a t  the polynuclear  na tu re  o f  coal accounts, a t  l e a s t  i n  
p a r t ,  f o r  t he  r a p i d  product ion o f  numerous to luene d e r i v a t i v e s  under ou r  r e a c t i o n  
condi t ions.  

In  an e a r l i e r  paper (91, we showed 
I n  

We a l s o  found t h a t  a l k y l  

Because t r a n s a l k y l a t i o n  takes p lace 

CONCLUSIONS 

The above d iscuss ion i s  based on p re l im ina ry  data observed from coal de r i va -  

1. 0-methy lat ion does n o t  appear t o  change t h e  s t r u c t u r e  o f  coal g r e a t l y .  
2. The treatment o f  coal under a l k a l i  metal reducing cond i t i ons  appears t o  

lower the number o f  exc isable sho r t  chain a l k y l  subs t i t uen ts  w h i l e  a l so  
changing the  s t r u c t u r e  t o  g i v e  new compounds under t ransa l  k y l a t i o n  
condi t ions.  
Py r id ine  ex t rac t i o r :  produces two f r a c t i o n s  which have w ide ly  d i f f e r e n t  
subs t i t uen t  features.  

t i v e s .  The data show c e r t a i n  trends, such as: 

3. 
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Figure 2 .  
Ky 19 Coal. B) Pyridine Insoluble Fracrion. The Peak Marked X i s  Triphenylrnerhane 
Added a8 Internal Reference. 

CC Traces of Transalkylarion Products from A) Pyridine Soluble Fracrion of 
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